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Abstract. Objectives: To evaluati: the 
polygenic regulated cafTeine metabolism in a 
group of226 patients with liver alcoholic cir¬ 
rhosis classified according to the Child score. 
Methods: Over a 14-year period an hepatic 
function test, using caffeine as probe drug, 
has been systematically associated to the 
usual clinical and biochemical investigations 
performed in patients with liver alcoholic cir¬ 
rhosis. “Caffeine test” consisted in a 200 mg 
caffeine oral intake. Urines were collected 
over 24 hours: caffeine {137X), 1 -7 dimethyl- 
xanthine (17X), I -3 dimethylxanthine (13X), 
1-3 dimethyiurate (13U). 3-7 dimethylxan¬ 
thine (37X), 1-7 dimethyiurate (17U), 

l-methylxan&ine (IX), l-methylurate (lU), 
7-methyIxantliine (7X), 3-methylxaiithine 
(3X), and 5-acetylainmo-6-formyIamijio-3- 
methyluracyl (AFMU) were analyzed by high 
performance liquid chromatography (HPLC). 
Total and individual metabolite urinary elimi¬ 
nation rates were expressed in pmoi/24 hours. 
Enzyme activities were evaluated fiom the 
following urinary metabolites ratios; 
(AFMU+JU+1X)/17U for CYT1A2, 17U/ 
17XforCyP2A6, AFMU/(AFMU+ lU+IX) 
for NAT-2, lU/lX for XO. Results: 
Compared to healthy subjects, whatever the 
Cliild score, caffeine metabolism wa*; re¬ 
duced by half in patients with alcoholic cir¬ 
rhosis. The main cause was the decreased 
CyP 1A2 activity. On the other hand, XO and 
CYP2A6 activities were increased and 
NAT-2 activity remained unchanged in slow 
acetylators (SA) and decretised in rapid 
acetylators (FA) Child B and C. Bimodality 
ofNAT-2 distribution was unclear, but a right 
assignment of RA and SA phenotype in 
cirrhotic patients, confirmed by comparison 
with genotype, was obtained, using the 
antimode value of NAT-2 distribution used in 
healthy subjects. At last, there was an 
interindividual vaiiabilit>' in caffeine metabo¬ 


lism as great as in the usual laboratory param¬ 
eters. Conclusion: Metabolism of caffeine is 
decreased in patients with alcoholic liver clr- 
ihosis. This decrease paralleled the modifica¬ 
tions of the usual laboratory tests and does not 
bring additional information on the severity 
of the disease. But the equilibrium between 
the various metabolic pathways of caffeine is 
impaired. Beyond the changes of a specific 
enzymatic activity, this must be taken into ac¬ 
count particularly for drugs whose metabo¬ 
lism is of the polygenic regulation type. 


introduction 


It is now well established that drug metab¬ 
olism is the main source of variability of pa¬ 
tient response to recommended dosage regi¬ 
mens [Alvan et al. 1995], 

Many attempts have been undertaken to 
study the consequences of liver diseases on 
drug metabolism [Bass and Williams 1988, 
McLean and Moigan 1991, Morgan and 
McLean 1995, Paintaud et al. 1996, 
Rodighiero 1987,1999].But becauseofsmall 
sample sizes, frequent lack of precise infor¬ 
mation on the severity of the liver diseases 
and/or use of probe drugs whose enzyme (s) 
were not properly characterized with respect 
to each metabolic pathway, a difficulty 
emerges from these studies to collect infor¬ 
mation relevant for daily therapeutic practice. 

In the summary and conclusion of a meet¬ 
ing report published in Br. J. of Clin. Pharm. 
Reidenberg and Breckenridge [1998] pointed 
up these drawbacks and defined goals for fu- 
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ture research^ “To descrtbethe effects ofliver 
diseases on specific pathways of drug metab¬ 
olism, so that the effects ofliver diseases on 
the kinetics of a new drug, could be accurately 
predicted after its specific pathway (s) of 
elimination are known”. And even though 
Bircher [1983] suggested that probe drug 
pharmacokinetics could be used as a cpiantita- 
tive assessment ofliver function, they asked 
for: “the development of better clinically use¬ 
ful methods of assessing liver function". 

Caffeine is a useful and safe probe drug 
for drug-metabolic studies. It is rapidly and 
completely absorbed from the gastrointesti¬ 
nal tract, distributed in total body water. It has 
a low plasma binding, a short half life, a negli¬ 
gible first pass metabolism, a low renal elimi¬ 
nation and is nearly totally metabolized in the 
liver [Amaud 1987, Bonati and Garattini 
1988]. Caffeine-raetaboUc pathways [Amaud 
1984] and enzymes which catalyze these 
pathways are known [Fuhr et al. 1996, Gu et 
al. 1992 , Rostamani-Hodjegan et al. 1996]. 

We used caffeine in vivo as a probe drug in 
226 patients with alcoholic cirrhosis to as¬ 
sess, in a large population, the effects of the 
severity of the disease on the different path¬ 
ways of caffeine metabolism, and to examine 
its possible use as a quantitative test of liver 
function. 


Subjects, material and 

methods 


Subjects __ 

Between 1985 and 1999, an hepatic func¬ 
tion test using caffeine as a probe drug, has 
been routinely tissociated with the usual bio¬ 
chemical data and clinical examinations per¬ 
formed on patients with alcoholic cirrhosis. 
Based solely on the possibility of finding in 
the dossier all the data (Table I) necessary to 
classify the cirrhotic patients according to the 
Child Pugh score [Pugh 1973], we selected 
226 subjects out of275 investigated (Table 1). 

45 were classified as Child A; 37 men 
(mean age 58 years; range 44 - 75), 8 women 
(mean age 52; range 42 - 74). 130 were classi¬ 
fied as Child B; 107 men (mean age 54; range 
32 ~ 75), 23 women (mean age 54; range 33 - 
73). 51 were classified as Child C: 34 men 
(mean age 52; range 33 - 66), 17 women 
(mean age 49; range 33 - 62). 

During the same period, caffeine test was 
performed on 70 healthy subjects; 38 men 
(mean age 30, range 22 - 60) and 32 women 
(mean age 31, range 21 - 55). These were 
members of the department of Clinical Phar- 
macolog>', students and healthy volunteers 
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Figure. 1, Relationships between the rapid acefylators (RA) and slow aoetylators (SA) phenotypes (NAT-2 
indejc AFMU/(AFMU+1U+1X) and the NAT-2 genotypes.: homozygous RA; NAT-2 *4 '4; heterozygous RA; 
NAT-2 *4 ‘SA, NAT-2 *4 *6A, NAT-2 *4 *7A; homozygous SA; NAT-2 '5A *5A, NAT-2 *5A*6A, NAT-2 *5A VA. 
NAT-2 *6A "BA, NAT-2 *6A *7A, NAT-2 *7A *7A, in 59 patients with liver drrhosis. The vertical line denotes 
the antimode of ttie distribution in healthy subjects: AFMU/{AFMU+1U+1X) = 0.180. 


who had been selected to participate in phase 
I pharmacokinetics studies. This sample 
served as a control group for patients in the 3 
groups mentioned above. 

Caffeine test and metabolite 
determinations 


Patients were asked to refrain from food, 
beverages and, if possible, medicines con¬ 
taining methylxanthines from 24 hours be¬ 
fore and throughout the 24 hours duration of 
the test. In the morning, at 8 a.m. after voiding 
their bladders, they were given 200 mg of caf¬ 
feine, prepared in the Central Pharmacy of the 
Hospital, in water. Urine samples were then 
collected in a plastic jar containing 2 ml of 6 N 
hydrochloride acid. The containers were 
gathered, the volume of urine measured and 
aliquots were transferred into plastic tubes 
containing 20 mg of ascorbic acid per ml of 
urine. 

Assays of caffeine and caffeine metabo¬ 
lites were performed only if the pH value of 
the urine in the jar was < 5. The tubes were 


frozen and maintained at —20“ C until analy¬ 
sis, which was performed usually within 3 
days after the end of the test. Under these con¬ 
ditions, caffeine metabolites and particularly 
AFMU were stable enough to allow a quanti¬ 
tative determination by HPLC according to 
the method described by Grant et al. [1983] 
using a Waters liquid chromatograph (Waters 
Chromatography Millipore, Milford, MA, 
USA) incorporating a 6000 A pump, a 
Wisp/712 automatic injector, a Beckman 
Ultiaspbere ODS column (4.6 x 150 mm in¬ 
ternal diameter); (Beckman Instruments, Inc. 
Fullerton CA, USA) with a guard colunm; 
Bondapack CIS, 37 — 50 pm, 20 mm. 

In our study the coefficients of variation 
intra-assay (n = 10) were: 

AFMU (4.4 nmol/ml): 2.7%; 37X (6,7 
nmol/ml): 4.6%; IX (14.5 rnnol/nil): 5.6%; 
I37X (7.1 nmol/ml); 2.3%; 3X (7.2 
nmol/ml): 6.2%; lU (S.8nmol/ml): 6.0%; 7X 
(7.2 nmol/ml): 5.5%; 13U (3.1 nmol/ml): 
5.8%; 13X (1.1 nmol/ml); 4.7%; 17U (8.2 
nmol/ml); 5.7%; 17X (6.7 nmol/ffll): 3.9%. 

The stability of tlie coefficients of varia¬ 
tion and the reproducibility of the test were 
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regularly checked according to a routine con¬ 
trol procedure implemented in the laboratory. 
Briefly, regularlj' repeated intra-assay mea¬ 
surements of variation coefficients, metabo¬ 
lites determination on fresh aliquots from 24 
hours pooled urine from healthy subjects caf¬ 
feine tests were performed. 

Tbe following urinary metabolite ratios 
were used as indices of emcymc activities 
[Grant et al. 1983, Rostamani-Hodjegan 
1996]; CryPlA2: <AFMU+1U+1X)/17U; 
CYP2A6: 17U/17Xi XO; lU/lX; NAr-2; 
AFlvrU/(AFMTJ+3U-(-l X). 

Blood samples were obtained 24 hours af¬ 
ter caffeine intake to measure the residual 
plasma concentration of caffeine. 


Acetytator genotype 
determina tion _ 

Genome DNA was prepared from periph¬ 
eral leucocytes by proteinase K digestion and 
phenol-chloroforme extraction as described 
by Neifzel [ 1986]. The genotypes were subse¬ 
quently determined by carrying out three sep¬ 
arate P.C.R according to the method of Blum 
et al. [1990]. Tlic primers were designed to 
detect either the presence of the normal 
NAT2«4 allele or the NAT2*5A, NAT2*6A 
and NAT2*7A mutated alleles which prevail 
in Caucasian population. DNA frxim subjects 
with known genot3q3es were used as negative 
and positive controls. Genotyping was car¬ 
ried out on 59 patients with alcoholic cirrho¬ 
sis waiting for a Ih er transplantation. 


Calculation and statistical 
analysis __ 

Data are presented as mean values ± SD 
urinary elitriLnati.on rate of caffeine metabo' 
lites^ expressed in pM/24h and en 2 yme activ¬ 
ity indices. They aie compared by means of 
the unpaired tiA'o-tailed Student’s t-test with 
different variances. Because of the bimodal 
distribution of the polymoiphic enzyme 
N-acetyltransferase^ the rapid acetylators 
(RA) and slow acetylators (SA) groups sre 
compared separately. 



Results 

Urinary eftmination rates of 
caffeine and its metaboUtes 
(Tables 2 ., 3, Figure 2) _ 

Compared to healthy subjects, 24-hour to¬ 
tal elimination rates of caffeine plus metabo¬ 
lites were significantly decreased according 
to the severity of the cirrhosis: by one third in 
the group of patients classified as Child A, by 
one half in the group of patients classified as 
Child B and C. Taken individually, in the 
group classified as Child A only urinary elim¬ 
ination rates of ID, IX and AFMU, the final 
metabolites of caffeine, were significantly 
decreased. Urinary elimination rates of 17X, 
17U, 13X and 37X were not different from 
that of the controls. Urinary elimiaation of 
unchanged caffeine was increased. Finally, 
urinary elimination of two minor metabolites 
7X and 13U was decreased. The metabolism 
of caffeine was decreased to a large extent in 
tlie Child B and C groups as shown by an ad¬ 
ditional significant increase in the urinary 
elimination rate of caffeine by its 24-hoiir re¬ 
sidual blood concentration, and by a further 
decrease of the eliminahoti rates of all metab¬ 
olites but 37X whose elimination was signifi¬ 
cantly increased. 


Indices of enzyme activities 
(Table 2) _ 

CYP1A2 index was signifrcantly de¬ 
creased by one third in the group of patients 
classified Child A, and by one half in the 
group Child B without additional decrease in 
the group Child C. 

CYP2A6 and XO indices were not signifi¬ 
cantly modified in the Child A group when 
compared to healthy subjects. They were sig¬ 
nificantly increased in the Child B and C 
groups. 

When compared to healthy subjects, 
NAT-2 index remained unchanged in SA de¬ 
spite the decreased elimination rate of 
AFMU. On the other hand, NAT-2 indices 
were significantly decreased in RA. patients 
classified Child B and C. 

Anyway, despite these variations, we 
found a good relationship between the pheno- 
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type and the genotype of NAT-2, whatever 
the Child score in the patients with alcoholic 
cirrhosis (Figure 2). 

Discussion 


Impairment of drug metabolism in liver 
disease and panicularly in alcoholic liver cir¬ 
rhosis, has been established since the first at¬ 
tempts to study the topic [Howden et al. 1989, 
McLean and Morgan 1991, Morgan and 
McLean 1995, Paintaud et al. 1996, 
Wilkinson and Branch 1984], However, in 
cirrhosis reduced drug metabolism is not the 
solo cause of drug disposition impairment. 
Malabsorption due to a prolonged orocccal 
transit and a delay in gastric emptying [Isobe 
et al. 1994], changes in plasma protein bind¬ 
ing [Tillement et al. 1978] and in liver blood 
flow (Morgan and McLean 1995] drug and 
metabolite decreased renal clearances 
[Wensing et al. 1997], are among the factors 


which may play a role with respect to drug 
disposition impairment. 

In a recent review, Morgan and McLean 
[1995] emphasized on the difficulties to inter¬ 
pret the published data because, too often, 
papers included a limited group ofpatients for 
whom severity of cirrhosis remained undocu¬ 
mented despite the importance of various fac¬ 
tors able to modify drug disposition and asso¬ 
ciated with severity of the disease. 

The pharmacokinetic parameters of caf¬ 
feine, i.e. complete absoiption, low protein 
binding, small extraction coefficient, renal 
excretion rate of metabolite more rapid than 
production in the liver [Bonati and Garattini 
1988], support its use as a probe drug for spe¬ 
cific hepatic intrinsic clearance measurement 
[Kalow and Tang 1983]. 

Scott et al. [1988] reported that caffeine 
clearance and metabolism were unchanged in 
mild cirrhosis and that urinary elimination 
rate of caffeine metabolites was identical in 
patients and healtliy subjects. We observed 
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Figure..?v —Panel A: Median 24-hour urinary excre- 
^Jiorfcif caffeine melaboliies in healthy subjects and 
in patients with liveraicohoiic cirrhosis dassifiod ac- 
(xirdlng to the Child score, after a single oral dose of 
200 mg of caffeine. 1U: 1-melhyf uraie, IX; 1-methyi 
xanthine, 17U: 1-7dimethyi urate. AFMU: 
5-acetytamino-6-fonnylamino-3-methyiuracyl, 17X: 
1-7 dimethyl xanthine, 7X: 7-methyl xanthine, 3X: 
3-methyt xanthine, 13U: 1-3 dimethyl urate. 37X: 
3-7 dirrrethyl xanthine, 137X: caffeine. 13X: 1-3 
dimethyl xanthine. Panel B: Median values of en¬ 
zyme activity indices. N-acetyl transferase (NAT-2): 
AFMtJ/(AFMU+lU+1X). Xanthine oxidase XO: 
1U/1X. CYP2A6: 17U/17X. CYP1A2: 

(AFMU+1U+1 X)/17U, in healthy subjects and in pa¬ 
tients with alcoholic dntiosis classified acxxirding to 
the Child score. 


(Table 2, Figure 2) a significant decrease of 
caffeine metabolism as shown by reduced uri¬ 
nary elimination rates of almost all metabo¬ 
lites and high urinary elimination rate of un¬ 
changed caffeine, not only in patients with 
severe cirrhosis classified Child B and C, but 
also in patients classified Child A. This re¬ 
duced metabolic capacity was caused by the 
decrease of the CYP1A2 activity (Table 2, 
Figure 2) the single enzyme involved in the 


z. 


3-N-demethylation of caffeine. The validated 
urinary metabolic ratio (AFMU+lU+lxy 
17U was used to meastire CYP1A2 activity, 
rather than those involving 17X whose uri¬ 
nary elimination is renal flow dependent 
[Rost and Roots 1994, Tang et al. 1994]. Even 
though the mean value of creatinine did not 
diverge from the nonn in the 3 groups of pa¬ 
tients (Table 1), because of the importance of 
the SD, variations of glomerular filtration 
even in Child A patients cannot be excluded. 
Thus, the low level of (rYPlA2 activity as 
main cause of caffeine metabolism impair¬ 
ment, w'hatever the level of severity of the dis¬ 
ease, can be asserted. 

However, the 7 and 1 N demethylation of 
caffeine depends not only on CYP1A2 but 
also on CYP2E1 [Gu et al. 1992]. 
Gucnguerich and Turvy [1991] have shown 
thatCYPI A2 and CYP2E1 were decreased in 
hepatocyte microsomes from patients with 
cinhosis. We do confirm in vivo the de¬ 
creased activity of CYPl A2. But the increase 
of 37X and the decrease of 17X urinary elimi¬ 
nation rates, only a trend in the group of pa¬ 
tients classified A, but significant in those 
classiBed Child B and C, suggest a differen¬ 
tial effect of cirrhosis which may be less im¬ 
portant on CYP2E1 than on CYP1A2. The 
consequence would be a relative shift of the 
first steps of caffeine metabolism from the 
main pathways leading to 17X to a secondary 
one leading to 37X. The urinary excretion rate 
of 13X whose production is also CYP1A2 
and CYP2E1 dependent was too low to per¬ 
mit the same observation. To confirm the hy¬ 
pothesis, an assay with a more specific 
CYP2E1 probe drug should be performed. 

NAr-2-dependent acetylation produces a 
minor metabolite of caffeine, AFMU, The 
urinary metabolic ratio AFMU/(AFMU-MU+ 
IX) is an index successfully used to pheno¬ 
type healthy subjects and patients [Bechtel et 
al. 1993, Bendriss et al. 1998, Grant et al. 
1984]. In a recent review on drug acetylation 
and liver disease. Levy et al. [1998] reported 
that, in cirrhosis, the half-life of isoniazid and 
the monoacetyl dapsone/dapsone plasma ra¬ 
tio did not show a clear bimodal distribution. 
Given this drawback, conflicting data were 
published regarding the prevalence of SA and 
RA in patients with chronic liver diseases. 
May et al. [1992] found a greater prevalence 
of SA in patients with liver cirrhosis, but 
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Elyazigi et aL [1995] failed to find any SA 
prevalence in cirrhotic patients using caffeine 
urinary metabolic ratio, wifli a phenotype as¬ 
signment based on tlie antimode used in 
healthy subjects. Similarly, we did not find 
any clear bimodal distribution {probit plot not 
shown) of NAT-2 ratio in cirrhotic patients, 
and we used an antimode value defined in 
healthy subjects to ascribe the S A or RA phe¬ 
notype. Comparing phenotype and genotype 
(Figure 1), all patients were correctly classi¬ 
fied, but one heterozygous Child A, RA pa¬ 
tient whose ratio was near the antimode 
where correct phenotype assigment is ques¬ 
tionable [Bechtel et al. 1993]. On this basis, 
for 226 patients with alcoholic cirrhosis, we 
did not find any difference in the prevalence 
of S A in cirrhotic patients (64%) compared to 
healthy subjects (60%). 

Radopoulos et al. [1995] and Denaio et al. 
[1996] reported, both in a group of 11 
cirrhotic patients, a decrease in catifeme clear¬ 
ance but an xmaltered urinary acetylation ra¬ 
tio. We divided the population of cinhotic pa¬ 
tients into SA and RA groups with enou^ 
subjects in each Child group (Table 3), 
AFMU urinary elimination rate was signifi¬ 
cantly reduced in relation to the severity of 
cirrhosis in both RA and SA groups. The sums 
of APMU+IU+IX, the three terminal metab¬ 
olites of caffeine, were identical in RA and 
SA whatever the Child score (Thble 3). In the 
SA group, the NAT-2 ratio was not different 
from that of healthy individuals, whereas in 
RA classified Child B and C there was a sig¬ 
nificant decrease ofurinary acetylationratios. 

Despite the observed differences, com¬ 
pared to the usual laboratoiy tests, caffeine 
metabolism, evaluated by urinary elimination 
rate of its metabolites and indices of enzyme 
activities, docs not bring additional informa¬ 
tion on the severity of the disease. Related to 
the Child score, the levels of bilifubioe, albu¬ 
min and factor V CTable 1) were well matched 
with the decrease of caffeine metabolites 
elimination (Table 2). Given the large 
interindividual variability, the association of 
these two sources of information may help to 
improve the follow up of a particular patient, 
and to optimize dosage regimen of prescribed 
drugs, in particular those with a narrow thera¬ 
peutic index. 


Conclusion 


In patients with alcoholic ciirhosis a 
global decrease of caffeine metabolism is ob¬ 
served, even in patients classified Child A. 
This does not bring additional information on 
the severity of the disease in comparison with 
usual laboratory tests. However, the differen¬ 
tial effect on the various enzymes involved in 
caffeine metabolism is expected to cause a 
shift from nuyormetabolic pathways to minor 
ones. This should be taken into account for 
drugs whose metabolism is of the polygenic 
regulation type. Because caSeine metabolism 
is reduced to a larger extent if the disease is 
severe and given the large interindividual 
variability, association of a such “caffeine 
test” with usual laboratory tests might im¬ 
prove the follow up of the patients with alco¬ 
holic cirrhosis. 


Aknowledgements 

The experiments petfonned in this paper 
corriply with the current laws in France. Tech¬ 
nical assistance; A.C. GabioL 


References 


A Ivan G, BaloTif LF, Bechtel PR. Bcobis AR. Gram LF, 
Paintaud G, PUhan K 1995 Cost B1 conference on 
variability and specificity of drug metabolism. Lux¬ 
embourg Office for official publications of the Euro¬ 
pean Communities 

/ir7Kiu</M/1984PrcKJuctsofmetat>olismofcafFeii>e: In.' 
Dews PB (ed) Caffeine. Springer, Bexlin 

Amaud MJ 1987 The pharmacology of caffeine. Probe 
DrugRcs 5/; 273-313 

Bass NIdt WiUiams RL 1988 Guide ti> drug dosage in 
h^>atic disease, Clui Pharmacokinct 1^: 396-420 

Bechiel YC, BonaXti-peHi^C, PaissonNeial 1993 A pop¬ 
ulation and family study of N-acctyltransferasc using 
cafTcme toinary metabolites. CJmPhannawl Thor 54: 
13M4J 

Bendriss EK Bechtel YC, Pedniaud G et al 1998 
Acetylation polymorphism expression in patients be¬ 
fore and afier livex transplantatiotv influence of 
host-graft phenotypes. Pharmacogenetics 8: 201-209 

Bircher J 1983 Quantitative assessment of demnged 
hepatic fiuiction: a missed opportunity? Semin Liver 
DisJ.-275-284 

Blum M, Grant DM, McBride Wet all 990 Human aryia- 
mine N-aceiyltransferasc geues: isolation, chromosal 
localisation and functional expression. PHA Cell Biol 
9: 193-203 

Bonati Af, Garaitini S 1988 Pharmacokinetics of caf¬ 
feine. ISI Atlas Sci 2: 33-39 


PM3001184401 

Source: https://www.industrydocuments.ucsf.edu/docs/szwk0001 



Caffeine metabolism in alcoholic cirrhosis; 


475 


Dejxaro CP, Wilson M. Jacob P et ol 1996 The effect of 
liver disease on urine cafTeine metabolite ratios. Clin 
Pharmacol Ther 59: 624-635 
Elyazigi A, Raines DA, Abdel Wahab F eial\ 995 Rela¬ 
tionship between antipyrine metabolism and acetyl¬ 
ation phenotype in health and chronic liver diseases. J 
Clin Pharmacol $5: 615-621 

Fuhr C/, Rost KL, Enzeihard TR et al 1996 Evfdaatioo of 
caffeine as a test drug for CYPJA2, NA.T-2 and 
CYP2E1 phenotyping in man by in vivo versus in vitro 
correlations. Phaimacogenetics 6: 159-176 
Grant DM, Tang BK, Kaiow W 19S4 A simple test for 
acetylation phenotype using caffeine. Br J Clin 
Pharmacol 17: 459-464 

Cu L, Gonzales FJ, Kxd<yy^ W et al 1992 Biotrans* 
formation of caffeine, paraxanthine, theobromine and 
theophylline by cDNA expressed human CYP1A2 
and CYP2E1. Pharmacogenetics 2: 73-77 
Guengerick FP, l\irvy CG 1991 Compari^a of level of 
several human microsomal cytochrome P450 en¬ 
zymes and epoxide hydrolase in normal and disease 
states using immunochemical anal 3 'sis oi' surgical 
liver samples. JPhaim Exp T1ier.?5d.* 1189-1194 
Howden CW, Bintie GG. Brodie MJ 1989 Drug metabo¬ 
lism in liver disease. Pharmacol Thcr 40: 439-474 
hobe H. SakM H, Satoh M et al 1994 E)claycxi gastric 
emptying in patients witli livw* cirrhosis. Dig Dis Sci 
19: 983-987 

Kaiow W, Tang BK 1993 The use of caffeine for enzyme 
assays a critical appraisal. Clin Pharmacol Thcr 53: 
503-514 

LeyyM. Caraco Y, GeissUnger G 1998 Drug ac etylation 
in liver disease. Clin Phannacokin«rt 34: 219-226 
May DO, AmsPA, Rickards WO 1992 The disposition, of 
dapsone in cinhosis. Clin Pharmacol Thcr 51: 689- 
700 

McLean AJ, Morgan DJ 1991 Clinical pharmacokinetics 
in patients vrith liver disease. Clin PhannacokJnet 21: 
42-69 

Meeting report 1988 Drug and the liver. Br J Clin 
Pharmacol 46: 351-359 

Morgan DJ, McLean AJ 1995 Clinical pharmacokinetic 
and pharmacodynamic considerations in patients with 
liver disease: an update. Clin Pharmacokinet 29: 370- 
391 

Paintaud G, Bechtel YC, Brientini MP et al 1996 Effects 
of liver diseases on drug metabolism. Therapie 51: 
384-389 

Feitzel HA 1986 A routiixe method for the establishment 
of permanent growing lymphoblastoid. Cell Hum 
Genet 73: 320-322 

Pugh RHH, Murray~Lyon IM, Dawson JL et al 1973 
Transection of oesophagus for bleeding oesophageal 
varices. Br J Surg 60: 646-649 
Rodighiero Y 1987 Effects of liver disease on pharma' 
cokinelics. Ital J Gastroentcral 19: 149-158 
Rodighiero V 1999 Effects of liver disease on pharma¬ 
cokinetics; an update. Clin Pharmacokiiiet 37: 399- 
431 

Rodopoulos N, Wisen O. Norman A 1995 Caffdne me¬ 
tabolism in patients with chronic liver disease. Scand J 
Ub Invest 5J.-229-242 

Rost KL, Roots 1 1994 Accelerated caffeine melabolistn 
after omeprazole treatmen t is indicated by urinary me¬ 
tabolite ratios; Comcidcncc with plasma clearance and 
breath test. Clin Pharmacol Ther 54: 402-41 i 
Rostamani-Hodjegan A, Nurminen S, Jackson PR, 
Tucker GT1996 Caffeine urinary metabolite ratios as 


maricers of enzyme activity: a theoretical &sses&ment. 
Pharmacogenetics 6. 121-149 
ScottNR, StambuckD, Chakrabor^Jetal 1968 Caffeine 
clearance and btotmosfbrmation in patients with 
chronic liver disease. Clin Sci 74: 377-384 
Scott NR, Stambuck D, Chakraborty Jet al J et al 1989 
The pharmacokinetics of caffeine and its 
dimethybeanthine metabolites in patients with chronic 
liver disease. Br J Clin Pharmacol 27: 205-213 
TangBK, 2hou Y, KadetrD, Kaiow fn994 Caffeineasa 
probe drug for CYP1A2 activi^. Potential innuence, 
of renal factors on urinary phenotype trait measuxe- 
ments. Pharmacogeiwlics 4.* 117-124 
Tlliemeni JP, Uioste F, GiudicelllJF 1978 Disease and 
drug protein binding. Clm Pharmacokinet 3: 144-154 
Wiikmson GR. Branch RA 1984 Effects ofh^iatic disease 
on clinical phannacoldnctics In: Benei LZ, Masson 
DN. GamberioglioJG (eds) Pharmacokinetic basts for 
drug treatment Raven Press, New York* pp 46-61 


PM3001184402 

Source: https://www.industrydocuments.ucsf.edu/docs/szwk0001 



PIVI3001184403 


Source; https://www.industrydocuments.ucsf.edu/docs/szwk0001 



